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A Study on the Effects of the Fatigue Life due to the Processing of the Butt
Weld Specimens and the Fatigue Life Estimation due to the Weld Zone Profiles

e’

Jaehoon Kim

Abstract

This study investigates the effects of the material properties and the fatigue behaviors in the SM490A material butt
weld specimens due to the heat-treatment and the grinding. In the fatigue behavior, the heat-treatment affects the
fatigue life. The S-N curves of both matrix specimen and butt weld specimen are reversed at some cycle by the
existence or nonexistence of heat-treatment. The grinding on the bead makes the fatigue limit decrease in the all
specimens. But the reinforcement removed, the fatigue limit increases at the high cycle. Also, this study investigates
the fatigue life estimation by examining butt weld bead profiles. The butt weld beads, which are welded by semi-robot
method, have non-uniform bead profiles described by 0, p and h. The stress concentration factors K., are changed
by each different 0, p and h from 1.395 to 2.863. Hence, the sensitivity of X, is changed by each 6, p and h. As
O becomes lower and p and h become higher, X, increases. The fatigue life can be estimated very closely for the
AAY specimens without residual stress using only butt weld bead profiles. But, for the AAN specimens with residual
stress, the fatigue life must be estimated by considering both the weld bead profiles and the residual stress data.
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Table 1. Fatigue specimens type and size

Specimens type Symbol | Specimen size
Base material BMN 320x25x10t
Base material-annealed BMY 320x25x10t
Butt weld - as welded AAN 320x25x 10t
Butt weld - annealed AAY 320x25x10t
Btt weld - reinforcement removed RNN 320x25x10t

Btt weld - reinforcement removed and
annealed

Butt weld - weld toe ground GAN

RNY 320x25x10t

320x25x10t

Btt weld - weld toe ground and

GAY 320x25x10t
annealed

A85.0wn. 10 o 388 mem

Fig. 1. 1/8 FEM model, specimen & Profile measurement point

hE 2F

stress® RAd 3}

s
rlr

1/8 w2 A 2sigict & mdo 2219 plain
o, FAe FEAH FA 9 Hukol
smmz 2getck. ol S5 s4el Bee Fol]
3l meshe] Z7]&= aspect ratioo]] 2+30] %7 t=10mm]
11591 0.67mmZE A3}o] 176072 element@} 1869712

node AH§31e] SAS 4ABRATHS]
3. Zl % =

3.1 §TAT JIB0| UE LZEY =9t

WA st SHARe) 2y ws d3e sels]
%8 Svi08 24S} 7] £41RS) A2 4
sjol, 213 2~ 1) 87} S SN =S} SEEE SNA
E(P-SN HE)E Btk 128 25 B @ol4] 7)20] 5
L 50% T8kEo] it SMAY0A AR mAIA TS SN Al
S, 117 38 H2syel YARTELE terkn 7}
Asto] AAFSE SMA90A AR BRYA|HE] 1%, 10%, 90%,
99% ut&ghEo] tfgh P-S-N A= 735’—}011:]'[6] 19 204
SM490A EA9] TR Hakpam 73290 200wt
cycled]| A9 -8-2] 2] Z(stress amplitude = (omax—omm)/z) el
135.09MPao]r], Z}Z}o] P-S-N AL ojA4le] ml2dtE 1%



y= 3588
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Fig. 2. SM490A BM specimens S-N curve
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Fig. 3. SM490A BM specimens P-S-N curve
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Fig. 4. RN specimens S-N curve
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Fig. 5. Heat treatment & no-grinding(AAY) S-N curve
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Fig. 6. No-heat treatment & no-grinding(AAN) S-N curve
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Fig. 7. Heat treatment & grinding(GAY) S-N curve
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Table 2. SM490A specimens fatigue limited values

BM RN AAY | AAN | GAY | GAN
Fatigue
limit 135.09 | 110.12 | 80.54 | 89.58 | 77.75 | 82.38
[MPa]
% w.r.t.
185 | -404 | -33.7 | -424 | -39,
BM 18.5 40 33.7 42.4 39.0
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Fig. 8. No-heat treatment & grinding(GAN) S-N curve
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Fig. 9. BM with heat treatment or not S-N curve
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Fig. 10. No-grinding with heat treatment or not S-N curve

BMN, AAY, AAN, GAY, GAN, RN % 53t 8744
O]_Q_‘()‘H xﬂst]- UH;H7] _Q_;S/qu:]g 0]—8—8]— _g_;g,\]_\ﬁ
FEAE FRet SR TSl w2 w2 WSt 3%
Hlmmt}. 3 9~ 113} Zo] AlHe] $dH e ¢
of o3t g2y WL vl 2w}, 27 9~ 7 103} Zo]
BMY A#3} BMN AJ#H2] S-N A= N=3x10cycle, AAY
AlAT}F AAN Al 9] SN A& N=2x10cycled 7]&0.2
TAAE ol wi} SN A=t 42 JAEe) 1 4
AT A 7 FYolA S & 5 AUk
ST 38 1137 2ol A7 3mme] Algtel ekeluE
o]Q.sH L7802 FL15 GAY AHT} GAN AlHY 700
FTEAE ol mhE 2R YA SN A=e o
xdOI Uehgz) o, 942 E 3t GAY A|HY S-N A=
7P 225 5% S GAN AJHQ| S-N AlE Hr} o=
Y I WSS o 4 ok olzle ey Thgl
4611 % SR Fo] Hopxy| WEeg HdHr). st
ARk 27 1294 o] EAYE SHA] ¢ AAN AJHT
GAN AJHE o] g3to] - Ty 7k ot g

400

300
g
= 200
-8 MD
3 3
= OB A
= AR
£ .
o O & o,
0 A <
b7} =
g 100 Y
A
5 a S _\O_ 1

o GAN
- S-N gurve
A GA
~ S-N curve
50
Te+4 1e+5 1e+6 1847

Fatigue life [cycle]

Fig. 11. Grinding with heat treatment or not S-N curve
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Fig. 12. No-heat treatment with grinding or not S-N curve
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Fig. 13. No-heat treatment with reinforcement removed or not S-N
curve
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Table 3. Average and standard deviation results

6 o} h
AAY 40.41 1.69 2.04
Average
AAN 42.37 1.61 2.13
Standard | AAY 7.79 0.93 0.32
deviation | AAN 8.28 0.73 0.49
< skt
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Table 4. K. and bead profile data of AAY specimens

AAY
sp:c. pos:#tlon radius degree height K.
i 4 0.06 47.00 1.86 2.47
2 8 1.67 38.89 1.78 1.45
3 5 0.18 40.59 1.71 1.96
5 8 0.38 38.27 1.93 1.92
6 4 0.34 44.28 1.95 2.05
7 8 0.23 59.89 2.16 2.17
10 4 1.29 57.84 1.87 1.68
11 8 0.17 39.73 1.85 2.05
13 6 0.25 50.83 2.78 1.94
14 3 0.38 37.78 1.50 1.89
Table 5. K; and bead profile data of AAN specimens
AAN
P ;C' pos;tlon radius degree height K.
2 3 1.86 52.14 1.92 1.49
3 5 1.99 43.08 1.82 1.45
5 1 1.55 44,89 2.26 1.55
8 5 1.49 44.67 2.09 1.54
9 3 2.13 42.17 1.87 1.85
10 7 1.42 47.90 2.97 1.64
11 2 1.85 36.65 1.91 145
13 2 0.11 49.64 247 2.86
14 8 2.11 30.35 1.49 1.36
16 7 1.61 51.07 3.14 1.62
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